A series of N-benzoylated ligands incorporating three different benzoyl groups 2,2'-(benzoyliminodiethylene)-4-substituted phenols (L 1,4,7 ), 2,2'-(4-nitrobenzoyliminodiethylene)-4-substituted phenols (L 2,5,8 ) and 2,2'-(3,5-dinitrobenzoyliminodiethylene)-4-substituted phenols (L 3,6,9 ) were synthesized and characterized by IR, 
Introduction
Schiff-base ligands derived from the condensation of salicylaldehyde with diamines [1] played as important part in the development of inorganic chemistry, as widely studied coordination compounds are increasingly important as biochemical, analytical, and antimicrobial reagents. Schiff base compounds showed a variety of applications ranging from anticancer [2] [3] [4] , diuretic [5] , antibacterial [6, 7] , antifungal [8] and antiparasitic activity [9] . They are also medicinally important and are used in drug design due to their activity against a wide range of organisms [10, 11] . Schiff bases are some of the most widely used organic compounds. They are used as pigments and dyes, catalysts, intermediates in organic synthesis and as polymer stabilizers. Phenolic compounds are universal inhibitors of free-radical processes, retarding both oxidation and free-radical fragmentation reactions of important biomolecules (lipids, peptides, carbohydrates, vitamins, etc.) and many phenolic compounds have antibacterial activities [12] . During the past decades, the human population affected with life-treating infectious diseases caused by multi-drug resistant Gram-positive and Gram-negative pathogen bacteria increased an alarming level around the world [13] and represent the second leading cause of death [14] . Topoisomerase (topo) broadly classified into two families type I and II, allows the release of torsional strain that is created in DNA during the essential biological processes such as DNA replication, transcription, chromosome separation and segregation. Topo I breaks the single strand of DNA whereas topo II breaks both strand of DNA. Topo I and II inhibitors such as camptothecin, doxorubicin, and etoposide are considered among the most active anticancer agents [15] [16] [17] . In proliferating cells only the overexpression of Topo IIá is observed. Therefore, Topo II is a more important factor for cell proliferation than Topo I [18, 19] . Since its discovery, it has attracted many researchers as an appropriate target to develop topo II-selective inhibitors as anticancer agents because they can cause permanent 1 
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P. Arthi, S. Shobana, P. Srinivasan, and A. Kalilur Rahiman DNA damage and can lead to cell cycle arrest and/or cell death by apoptosis [20, 21] . In this study N-benzoylated Schiff base ligands were synthesized and evaluated for anticancer activity on the HepG2 human liver cancer cell line. Additionally, docking of the new compounds into human DNA topoisomerase II (TopII) using Schrodinger Glide module was performed in order to predict the affinity and orientation of these compounds to the active site.
Experimental Section

Synthesis
Reagents
The following chemicals were used for the synthesis of ligands. 5-Bromosalicylaldehyde were purchased from Sigma-Aldrich (USA). 5-Methylsalicylaldehyde was prepared according to the literature method [22] . Salicylaldehyde were commercial products obtained from SD Fine (India) and these chemicals were used without further purification.
Equipment
A micro-analysis (% C, H and N) was performed using Carlo Erba model 1106 elemental analyzer.
1
H and
13
C NMR spectral data were collected on Varian-VNMRS-400 spectrometer in CDCl3 and DMSO (d 6 ) solution with tetramethylsilane (TMS) as an internal standardat ambient temperature.in DMSO solution with tetramethylsilane (TMS) as an internal standard at ambient temperature. IR spectra were recorded using KBr pellets in the range 4000-400 cm -1 on a Bruker ALPHA FT-IR spectrometer. Mass spectra were recorded on a JEOL GC mate GC-MS.
Synthesis of Ligands
) were prepared by following our recently reported procedure [23] .
Synthesis of 2,2'-(Benzoyliminodiethylene) bisbromosalicylidene L
4
A solution of diethylenetriamine (1.08 mL, 10 mmol) in ethanol (20 mL) was added dropwise to a solution of 5-bromosalicylaldehyde (2.1 mL, 20 mmol) in ethanol (20 mL). The mixture was stirred for 2 h and then refluxed for 6 h. Then the reaction mixture was cooled to room temperature, and a solution of benzoyl chloride (1.16 mL, 10 mmol) in ethanol (20 mL) followed by Na 2 CO 3 (1.06 g, 10 mmol) were added. The resulting solution was refluxed for 36 h, cooled to room temperature, an excess solid Na 2 CO 3 was filtered. Removal of solvent at reduced pressure gave the crude product of yellow powder. The product was washed with diethyl ether and recrystallized from ethanol.
Yield [24] . These five bacterial strains were selected on the basis of their clinical importance in causing diseases in humans. All the microbial cultures were adjusted to 0.5 McFarland standards, which is visually comparable to a microbial suspension of approximately 1.5×10 8 c.f.u./mL [25] . Five bacterial strains were pregrown in nutrient broth/Luria Bertaini broth at 37 o C for 24 h. Nutrient/Luria Bertaini agar medium was poured into sterilized petri dishes and allowed to solidify. After solidification, 100 µL of target bacterial cell cultures were spread over the medium using a spreader and the wells were punched with 3 mm diameter gel puncher. A different concentration such as 50 µL (250 µg), 100 µL (500 µg) and 200 µL (1000 µg) of complexes was pipetted out into each well against each test bacteria. An empty well inoculated with sterile Nutrient broth/Luria Bertaini alone served as negative controls. Inoculated plates were incubated for a day at room temperature. The experiments were performed in triplicates. The antibacterial activity of the compounds (in term of inhibition of bacterial growth) against bacterial isolates was determined from the growth in the test plates compared to the respective control plates by using the formula % I (Growth inhibition) = 100(C−T)/C Where C is the diameter of bacterial growth in control plate and T is the diameter of bacterial growth in test plate.
Molecular Docking Studies
X-ray crystal structure of Topoisomerase II (PDB: 4FM9) of resolution 2.90A was downloaded from www.rcsb.org. The active site of 4FM9 is well established and molecular docking was performed in order to understand the basic receptor-ligand interactions. The protein was prepared by using the Protein Preparation Wizard, pre-processed and heterostate for co-crystallized ligand was generated using Epik; protonation state and optimization of H bonding of the protein side chains were assigned using Protassign, energy minimized (impref minimization) using OPLS2001 force field. Receptor grid has been prepared with default parameters and without any constrains. The three dimensional structures of ligands were drawn by using chemsketch. The ligands were prepared by using Ligprep utility of Schrodinger Suite with default parameters, the ligand energy minimized by using OPLS 2005 (Macromodel multiple minimization) and water as solvent. Ligand docking was performed using OPLS force field. In order to predict the binding affinity and pre eminent docked structures, the combined ligand docking and energy-grid scores were ranked by using E model and Glide scores. Flexible docking was performed using the Extra Precision (XP) feature of GLIDE 5.0 module implemented in the Schrodinger LLC [26] . Pharmacokinetic properties of synthesized compounds were predicted by QikProp 3.4 (V34111) program to get an idea whether the compounds are able to enter higher phases of the drug development process or not. It predicts both physically significant descriptors and Pharmaceutically relevant properties with a detailed analysis of the log P(Octanol/Water), % human oral absorption, CNS activity and permeability through MDCK (Madin-Darby Canine Kidney) cells in nm/sec etc. (MDCK cells are considered to be a good mimic for the blood-brain barrier). All the compounds were found to be non toxic for CNS, value of permeability through MDCK Cells is < 500 in all cases so the compounds will not cross blood-brain barrier which is desirable. The predicted drug likeliness of the synthesized compounds follow the Lipinski "Rule of Five", all four parameter values for a compound i.e. Log P <5, H-bond donors <5, H-bond acceptors <10 and molecular weight < 500 suggested that the compounds might have good absorption or permeability properties.
Cell Proliferation Assay
Cell Lines and Cell Culture
Human liver adenocarcinoma (HepG2) cell line was obtained from National Centre for Cell Science (NCCS), Pune, India. Cells were cultured in Dulbecco's modified eagle medium (DMEM) (St. Louis, Mo, USA) supplemented with 10% (V/V) fetal bovine serum (FBS) , penicillin 100 µg/mL, streptomycin 20 µg/mL, Kanamycin acid sulphate 20 µg/mL and 7.5% sodium bicarbonate solution. The cells were maintained as monolayers in 25 cm 2 plastic tissue culture flask at 37 o C in a humidified atmosphere containing 5% CO 2 in air. Exponentially growing cells were used in all the experiments.
Cell Viability Assay
The cell viability of ligands L 5 and L 8 was assessed by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay as described by Mosmann [27] . In order to detect the cytotoxicity, the HepG2 cells were grown in DMEM medium containing 10% FBS. o C in 5% CO 2 . The test samples were kept in triplicate. Controls were maintained under similar conditions without the influence of compounds under study. After 24 and 48 h, MTT stock solution (5 mg/mL) in phosphate buffer saline (PBS) was added to each culture well, equal to one tenth of the original culture volume and the plates were wrapped with aluminium foil and incubated at 37 o C for 4 h. At the end of the incubation period, the medium was removed and the purple formazan product was dissolved by adding of 100 µL of DMSO to each well and the absorbance was measured at 570 nm using a multiplate reader. The % of cell viability was evaluated using the following equation:
Where A 570 (sample) refers to the reading from the wells treated with complexes and A 570 (control) refers to that from the wells treated with medium containing 10% FBS. From this plot, the IC 50 values was calculated. ). ical characteristics of all benzoyl derivatives are given in Table 1 respectively. The IR spectra of ligands (L
1-9
) framework is confirmed by the absence of bands characteristic of starting materials: the band due to aldehydic -C=O band at 1680 cm -1 disappeared and band for imine stretching appear as sharp band in the region 1632-1637 cm -1 , no peaks attributed to NH 2 groups implied that the effective Schiff's base condensation reaction have been completed (Fig. S1) (Fig. 1) . A singlet at δ 2.2-2.4 ppm is assigned to methyl of the Schiff base. Aromatic protons were observed at δ 6.8-7.8 ppm, the aromatic hydroxyl protons at δ 12.2-13.3 ppm, and two equivalent imine protons (-CH=N) as a singlet at δ 8.2-8.8 ppm, respectively. Solution state 13 C NMR (Fig. S2) were carried out to monitoring the components present in the ligands. In the mass spectra, the calculated and observed isotropic patterns are in good Fig. 1 .
agreement. The high resolution mass spectral data of all the ligands confirm the proposed formulae. The different fragments of the ligands gave peaks with various intensities at different m/z values.
In vitro Antibacterial Screening
The in vitro antibacterial screening of ligands
7 and L 8 were performed at fixed concentration of 150 µg/mL and the results obtained were compared with standard antibiotic, ciprofloxacin. The standard drug were also tested for the antibacterial activity under the conditions similar to that of the test compounds. The mean zone of inhibition values of the investigated ligands are shown in Fig. 2 . and the data are summarized in Table S1 . The results of the antibacterial activities are shown in Fig. S3 . The antibacterial activity is dependant on the molecular structure of the compound, the solvent used, and the bacterial strain under consideration. From the results, it is observed that all compounds (
and L
8
) show higher activity against P. aeruginosa, S. aureus and S. mutans but some compounds are inactive against E. faecalis, V. cholera and V. harveyi. The ligand L 5 is more bacteriostatic against V. cholera and S.
aureus compare to ciprofloxacin. The presence of electron-withdrawing -Br group on the aromatic ring in general increases the antibacterial activities of the tested compounds compared to -CH 3 and -H substituent. The order of antibacterial activity of the synthesized compounds (based on the substituent present in the phenyl ring) is as follows:
. It is inferred from the results that electron-withdrawing group has effective and direct impact on selective antimicrobial activities against bacteria.
Molecular Docking Studies
The docking studies of the ligands to protein active sites were performed by an advanced molecular docking program Schrodinger The compounds L 8 and L 9 also have more lipophilic factors for their good affinity to the receptor site. The synthesized compounds were found to have significant anticancer activity and able to enter in higher phases of the drug development process due to favorable pharmacokinetic properties.
Admet Results
In silico pharmacokinetic prediction revealed that synthesized compounds are showing drug likeliness with marked lipophilicity, oral absorption and lack of CNS toxicity. None of compound is violated from Lipinski rule of 5, so they are able to enter in next phase of drug development (Table 3) . tigated by using MTT reduction assay. The assay was based on the mitochondrial reduction of the tetrazolium salt by actively growing cells to produce blue water insoluble formazan crystals, i.e., only live cells reduce yellow MTT to blue formazan products but not dead cells. The % of growth inhibition of HepG2 cells (presented in Fig. 7 ) was calculated from the measured absorbance of formazan product produced by living cells. Increasing the time of incubation showed a further decrease in cell viability. Approximately 50% of inhibition of cell viability was seen with L 5 and L 8 at 4 and 6 µg/mL respectively, upon 48 h exposure.
Cytomorphology Observation
Microscopic observations were monitored using Nikon light inverted microscope wherein treated cells showed distinct cellular morphological changes indicating unhealthy cells, whereas the control appeared normal (Fig. 8) . Control cells were irregular confluent aggregates with rounded and polygonal cells. Synthesized schiff-base pendant-armed treated cells appeared to shrink, became spherical in shape and cell spreading patterns were restricted when compared to control.
Conclusions
In our present study, the principal findings and conclusions are as follows: The Schiff-base ligands (L to have significant anticancer activity and these derivatives will encourage helping to design future anticancer agents with therapeutic potentials on further refinement. 
